The objective of this paper is to examine the order of singularity at the points of discontinuity between simple support and free edge for a square plate case. The plate, without anchoring the corners, is partially simply supported along the central portion on four edges and subjected to a uniformly distributed load. It is well known that when a uniform load is applied to a square plate resting on the unilateral supports, parts of the plate in the vicinity of the corners will separate from the supports and the length of the supports becomes unspecified. At the points of transition from the unilateral support to free edge, the shear singularity is of the inverse-square-root type. In the case of a square plate supported by the simple supports with specified lengths, it is expected that the proper singularity should be in the order of an inverse square root in the moments at the points of transition from a simple support to a free edge. However, the results show that the singularity in the moments cannot be allowed, while the singularity in the shears is proper and still found to be the same order similar to that of the plate resting on the unilateral supports. In addition, there are nonzero corner forces applied at the corners of partially simply supported plate, while the corner forces vanish for the case of a plate unilaterally supported.
Introduction
Up to the present time, only a few papers are devoted to the problems involving contacts between plates and supports. Dundurs et al. [5] determined the advancing contact curves between the rectangular plates and the sagged supports using the Hankel integral transforms. Based on the Fourier integral transform techniques, Keer and Mak [6] analyzed the problems of loss of contact at the corner of semiinfinite plate resting on the unilateral supports. Dempsey et al. [3] investigated the bending of uniformly loaded, unilaterally supported square plates. Consequently, Dempsey and Li [2] extended the same method as used in the previous work [3, 6] to further study the problem of rectangular plates supported by unilateral supports and laterally loaded by either centrally concentrated load or uniform load.
It is worth noting that the problems of plates as mentioned above involve the essential features of advancing contact [5] and receding contact [2, 3, 6] between the plates and the supports. Moreover, the singularities at the tips of the contact intervals are all in the order of an inverse square root in the shears [4] . If the singularity of the problems is changed to an inverse square root in the moments, the problem is no longer the type of contact problems which have been studied by Keer and Sve [8] and Stahl and Keer [14] for the problem of plates with cracks. However, the inverse square root moment singularities can also arise in the problems of plates with mixed edge conditions. Keer and Stahl [7] analyzed the vibration problems of rectangular plate simply supported adjacent to the corners and problem of simply supported rectangular plates having partially clamped along the edges. Kiattikomol et al. [10] presented the bending of rectangular plates with mixed boundary conditions of both simple supports and free edges. For the problems of circular and annular plates with mixed edge conditions, they were studied by Stahl and Keer [12] and Kiattikomol and Sriswasdi [9] .
It can be noted from the aforementioned works that the singularities have been taken into account. In addition, it can also be concluded that for the plates having the supports at the same level and for the plates with cracks, a physical interpretation of an inverse square root singularity in the moments is proper at those points of discontinuity of the plates for which this type of singularity has previously been discussed by Williams [16, 17] . In case of the plates resting on the unilateral supports [3, 11] , it is known that the corners of the plate can move up freely without specifying the lengths of contact intervals [4] . This loss of contacts between the plate and the supports is due to the absence of corner forces applied to the plate corners. For a square plate which is simply supported or constrained along the edge for a specified length less than the dimension of the plate, the questions which arise are that how do the plate corners move and what is the order of proper singularity at the points of discontinuous supports. Therefore, the objective of the present work is to verify the correct singularity at the points of discontinuity of a uniformly loaded square plate without anchoring the corners while specifying the lengths of partial simple supports placed at all central portion edges as demonstrated in Figure 1 . It will be shown that when the lengths of simple supports are specified, the plate is unable to lift up freely from the supports. In order to verify the singularity fields of the problem, the solution method can briefly be summarized as follows. Firstly, the solution of problem is made by utilizing the Levy-Nadai approach [15] for the deflection function of the plate which can be sought in the form of single summation of Fourier series. Secondly, the mixed boundary conditions are then represented in the form of dual-series equations. Finally, these equations can be solved by assuming the singularities at the transition points from simple support to free edge based on the finite Hankel integral transform techniques.
Since the problem analyzed here is in the framework of theory of thin elastic plates, the notations given by Timoshenko and Woinowsky-Krieger [15] will be used throughout with slight modifications. As shown in Figure 1 , the dimension of the plate is specified to be  without loss of generality by using appropriate scaling factor. The governing equation of plate is then given by
where w is the deflection function of the plate, q is the intensity of uniformly distributed load,
 is the bending rigidity of the plate, E is the Young's modulus,  is the Poisson's ratio, and h is the plate thickness.
Dual-series equations formulation
The symmetry of the geometry and the lateral load at the lines / 2
implies the symmetry of the deflection function. Thus, only the region bounded by the upper left quadrant of the plate needs to be considered. Hence, the boundary conditions can be specified as follows: 
To determine the solution of (1), the deflection function satisfying (1) and (7) is assumed to be of the form 4 1,3,5,...
where the unknown constants m A , m B , and m C can be determined from the prescribed boundary conditions (2), (3), and (4), respectively. They can be expressed in terms of m D as follows: The remaining boundary conditions, given by (5) and (6) , are selected to be mixed with respect to the slope and shear, and they lead to the following dual-series equations: 
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Singularity of bending moments
As described in the first section, for most problems of the plates having mixed supports with specified lengths, the singularity at the ends of those supports is in the order of an inverse-square-root type in the moments [7, 9, 10, 12, 16] . Therefore, for the present problem, the singularity occurred at the ends of partial simple supports should be expected in the order of the inverse square root moment singularities. For this purpose, the unknown function m P as shown in the dual-series equations is assumed in the form [10] :
where the constant E is determined by the condition of 0 w  in (5a) at only one point; i.e., ( / 2,0) w  . The functions ( ) t  and 1 ( ) J  are, respectively, the unknown auxiliary function and the Bessel function of the first kind and first order [1] , and t is a dummy variable.
In order to evaluate the value of constant E given in (30), integrating (18) once with respect to x and setting / 2
x   results in 
Equation (32) 
and (30) reduces to 
It can be noted that (18) is also automatically satisfied with the choice of m P given by (30), which led to (36), is used. Verification can easily be made by direct substitution of (36) into (18) and using the identity presented below [13] ,
in which ( ) H  is the Heaviside unit step function [1] . Consequently, (18) leads to the requirement
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It can be seen that since t and e are always less than x , the left-hand side of (38) vanishes identically. At this point, it remains to verify that the function m P , as introduced in (30) or (36), must exhibit an inverse square root singularity in the moments at the point of discontinuity between simple support and free edge ( , 0) x e y   . This may be done by considering (19) and rewriting it as To determine an important physical quantity c W near the corner as it lifts up, by imposing 0 y  in (10) and substituting the unknown constants presented in (12) in terms of m P , the result is 4 1,3,5,...
Further, by using m P from (36) and using the identity of (33) into (42), one can obtain the expression: 
Singularity of shear forces
As shown in the previous section, the function m P in (30) is no longer suitable since it leads to the square root singularity in moment. It is also noted that the first term on the right-hand side of (30) exhibits the square root moment singularity. Hence, in order to obtain the square root singularity in shear, the required form of m P is taken to be 
It is easy to verify that the assumed function m P satisfies (18) automatically by substituting (45) into (18) and interchanging the order of summation and integration. This yields 
With the help of identity shown in (37), the above equation becomes 
